Homochirality, the condition in which all the amino acids have the left-handed, or L-configuration, was analyzed based on the evidence that protein synthesis evolved in an environment dominated by ribose nucleic acids. Selection of L-amino acids, therefore, may have arisen as a consequence of the properties of the RNA molecule. Aminoacylation of RNA is the primary mechanism for selection of amino acids for protein synthesis. Models of this reaction with both D and L amino acids, demonstrated that the reaction was automatically selective for the L-enantiomers, but only when the RNA molecule was bound at a surface (mimicking prebiotic surface monolayers). It was hrthermore shown that only the 2' aminoacylation of RNA would have been stereoselective (1). This finding may explain the origin of the seemingly redundant 2' aminoacylation still undergone by a majority of today's amino acids, before conversion (by 2'43' aminoacyl transferases) t0 the 3' aminoacylated forms that are used exclusively in protein synthesis. Currently the primary 2' acylation is carried out by the corresponding class I aminoacyl tRNA synthetases, whereas the 3' aminoacylated tRNA's are products of the class I1 synthetases. These observations suggest that 2' aminoacylation may have evdved before the 3' process. In this paper, the relationship between the two classes of aminoacyl tRNA synthetases and the codon assignments for their corresponding amino acids is analyzed, in order to obtain more information on the evolutionary sequence of these events. Some recent supportive evidence of synthetase class switching in the Archaeabacteria, is also described. It is generally recognized that the current complement of 20 amino acids evolved in two separate groups, 'early' and 'late', distinguished largely by the relative numbers of codons assigned. The distribution of 'early' and 'late' amino acids between the class I and class I1 synthetases was therefore determined. The average number of codons assigned to 'early' amino acids is 4.56 +/-1.13, and for 'late' amino acids, 1.82 +/-0.40. The average number of codons assigned to amino acids that are substrates of class I synthetases was found to be 2.82 +/-1.78, and for class I1 synthetases 3.33 +/-1.41. Thus the group of late amino acids is not overrepresented in the class I1 enzymes, and neither are the early amino acids overrepresented in class I. These results suggest, therefore, that evolution of both early and late amino acids, and their codons, was essentially complete, before 3' aminoacylation of RNA by the class I1 synthetases arose. The deep primordial origin of the two classes of synthetases, hitherto, has concealed the point of their evolutionary divergence.
Homochirality, the condition in which all the amino acids have the left-handed, or L-configuration, was analyzed based on the evidence that protein synthesis evolved in an environment dominated by ribose nucleic acids. Selection of L-amino acids, therefore, may have arisen as a consequence of the properties of the RNA molecule. Aminoacylation of RNA is the primary mechanism for selection of amino acids for protein synthesis. Models of this reaction with both D and L amino acids, demonstrated that the reaction was automatically selective for the L-enantiomers, but only when the RNA molecule was bound at a surface (mimicking prebiotic surface monolayers). It was hrthermore shown that only the 2' aminoacylation of RNA would have been stereoselective (1). This finding may explain the origin of the seemingly redundant 2' aminoacylation still undergone by a majority of today's amino acids, before conversion (by 2'43' aminoacyl transferases) t0 the 3' aminoacylated forms that are used exclusively in protein synthesis. Currently the primary 2' acylation is carried out by the corresponding class I aminoacyl tRNA synthetases, whereas the 3' aminoacylated tRNA's are products of the class I1 synthetases. These observations suggest that 2' aminoacylation may have evdved before the 3' process. In this paper, the relationship between the two classes of aminoacyl tRNA synthetases and the codon assignments for their corresponding amino acids is analyzed, in order to obtain more information on the evolutionary sequence of these events. Some recent supportive evidence of synthetase class switching in the Archaeabacteria, is also described. It is generally recognized that the current complement of 20 amino acids evolved in two separate groups, 'early' and 'late', distinguished largely by the relative numbers of codons assigned. The distribution of 'early' and 'late' amino acids between the class I and class I1 synthetases was therefore determined. The average number of codons assigned to 'early' amino acids is 4.56 +/-1.13, and for 'late' amino acids, 1.82 +/-0.40. The average number of codons assigned to amino acids that are substrates of class I synthetases was found to be 2.82 +/-1.78, and for class I1 synthetases 3.33 +/-1.41. Thus the group of late amino acids is not overrepresented in the class I1 enzymes, and neither are the early amino acids overrepresented in class I. These results suggest, therefore, that evolution of both early and late amino acids, and their codons, was essentially complete, before 3' aminoacylation of RNA by the class I1 synthetases arose. The deep primordial origin of the two classes of synthetases, hitherto, has concealed the point of their evolutionary divergence. Recently, however, sequence similarity searches in the genes of two Archaea failed to reveal the expected homolog of a class 11 synthetase for lysyl tRNA. Further examination by Ibba et. al. (2), led to the discovery in a number of Euryarchaeal genomes (Table  I) , of a synthetase for lysyl tRNA, that closely resembles the class I synthetases, in terms of the characteristic amino acid motifs, molecular structure and mechanism of action. These observations provide the first 6nn evidence that 2' aminoacylation preceded 3' aminoacylation, and that class-switching from class I to class II synthetases has occurred during evolution. In view of this, the properties of those amino acids that are now primary substrates for the class I1 synthetases, were examined. In general, they are small and relatively polar. In order to quantitate this relationship, a combined hydropathy/size index was derived for each amino acid. The results are displayed in figure 1. All 9 of the class I1 synthetase amino acids appear in the upper part of the curve, and 9/11 of the class I amino acids (the exceptions are glu and gln) are in the bottom of the hydropathy/size distribution. A major difference between the two classes of synthetases is that class I approach the RNA substrate from the non-polar face of the molecule, resulting in 2' aminoacylation, whereas the class I1 enzymes approach from the polar face of the RNA to give the 3'aminoacylated derivatives. Switching from class I to class II, therefore, could have been linked to the relative size and polarities of the amino acids. The first documented example of class-switching in the Archaea, noted above (2), the monomeric 
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nature and small size of the class I enzymes versus the large mdtimeric class 11, the need for Z'+ 3' aminoacyl transfmws, the evidence from codon distributon, and the obligatory link between 2' aminoacylation of RNA and homochirality (2), all reinforce the conclusion that 2' aminoacylation evolved first.
